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Basics of NEA Deflection 

ÅThe impact of a near-Earth asteroid (NEA) is a natural 

hazard that can be prevented or mitigated given sufficient 

warning time and capable systems and technologies. 

ÅChange the impacting NEAôs orbit so it intersects the 

Earthôs orbit earlier or later than normal. 

ïMake sure that the object is not in the ñwrong place at the wrong time!ò 

ïApply a change in velocity (DV) in the proper direction (typically along 

or against the impactorôs direction of motion). 
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Early Response Requires Less ȹV 

ÅEarly detection and precise orbit determination are 

the keys to reducing the amount of DV required to 

alter the impactorôs orbit. 
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NEAs and NEOs ï Whatôs the Difference? 

ÅNear-Earth objects (NEOs) include asteroids and comets that 

have been gravitationally nudged to come near the Earth and 

possibly collide with it. 

ÅThe threat can be divided into four categories 

1. Well-defined Orbits 

Detected and tracked near-Earth asteroids (NEAs) 

Warning time = Decades 

2. Uncertain Orbits 

Newly discovered NEAs and Short-Period Comets (SPCs) 

Warning time = Years 

3. Immediate Threats 

Long-Period Comets (LPCs) and Small NEAs 

Warning time = Months 

4. No Warning 

Unknown NEAs, SPCs and LPCs 

Warning time = Days 
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ÅSPCs have orbital periods 

<200 years and originate 

from the EdgeworthïKuiper 

belt 

 

ÅLPCs have orbital periods 

>200 years and originate 

from the Oort cloud 



Early Response Requires Less ȹV 
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Estimated Minimum ȹV Required to Deflect Example 

Impactors by 1 Earth Radius (Pre-Perihelion Impact) 
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Aten-type Asteroid : a=0.9AU, e=0.4, i=0deg
Apollo-type Asteroid : a=1.5AU, e=0.5, i=0deg
Short period Comet : a=4.0AU, e=0.85, i=0deg
Long period Comet: a=40.0AU, e=0.985, i=0deg
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Time before Impact when ȹV is Applied (years) 

Source: NASA 2001-2002 

Comet/Asteroid Protection 

System (CAPS) Study 



Deflection ȹV vs. Miss Distance & Risk Reduction  

6 Source: NASA 2006 Near-Earth Object Survey and Deflection Study 

Example NEA 



Impact Uncertainty & Deflection Considerations 

ÅEven when an impact with the Earth is confirmed, the exact 

impact point is uncertain. 

 

 

 

 

 

 

 

ÅRed line represents the line of potential impact sites. 

ÅThis "risk corridorñ is altered during a deflection effort and 

moves across the Earthôs surface (geopolitical considerations). 
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Image Credit: NASA/JPL 



NEA Characterization 

ÅNEAs have a wide range of orbits and physical 

characteristics. 

ïThreat characterization ï precise orbit determination and 

risk analysis using available data to predict the 

probability of Earth impact.  Provides prediction of 

impact date/time, along with impact velocity and 

estimated energy release. 

ïObject characterization ï other information needed for 

deflection/disruption/mitigation ï size, mass, gravity field, 

composition, structure, spin state/rate, regolith/dust, 

surface charging, and possible companions, etc. 

ïNEAs range from objects that are carbonaceous to stony 

to mostly metallic, with vastly different porosity and 

structural integrity. 

ÅCharacterizing both is critical to successfully 

deflecting an impacting object. 

ÅEarth-based radar is essential and robotic 

precursors are extremely valuable.  8 

Arecibo Observatory 

Goldstone Radar 

Image Credit: SpaceWorks Engineering, Inc. 

Image Credits: NASA 



Primary Deflection vs. Keyhole Deflection 

ÅA primary deflection is the application of DV to the NEA to 

alter itôs orbit sufficiently that it does not result in an 

impact with the Earth. 

ÅA keyhole deflection takes advantage of the knowledge 

that the NEA will pass through a small region of near-Earth 

space which will result in a collision with the Earth on a 

subsequent encounter. 

ïA resonant return is created by the gravitational interaction of the 

object during a preceding Earth encounter. 

ïAvoiding a keyhole requires much less DV than does a primary 

deflection. 

ïApplies to a small percentage of impactors (likely less than 10%). 
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Example of ȹV Required for Keyhole Deflection 

10 Source: NASA 2006 Near-Earth Object Survey and Deflection Study 

ÅExample for Apophis (2004 MN4) deflection effort before possible 2029 keyhole encounter. 

īDesign Point 1 ï action 10 years prior to keyhole and unrefined orbit knowledge. 

īDesign Point 2 ï action 6 years prior to keyhole and refined orbit knowledge from additional observations. 



Rapid ñImpulsiveò Techniques for NEA Deflection 

ÅApplication produces immediate result 

ÅEffectiveness is dependent on the NEA properties 

(highly uncertain and variable) 

ÅLarge, concentrated forces have the potential for NEA 

fragmentation/disruption 

ÅExamples: 

ïKinetic Impactor 

ïConventional Explosives (surface or sub-surface) 

ïNuclear Detonation (stand-off, surface, sub-surface) with potential 

delivery system using an very-high-velocity impactor 
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Slow ñPush/Pullò Techniques for NEA Deflection 

ÅLong duration (months to many years depending on NEA size) 
and small forces applied 

ÅEfficient use of resources (propellant, power, in situ materials) 

ÅFour basic categories: 

ïEnhance natural effects 

ïApply contact force 

ïApply gravitational force 

ïAblation/expulsion of surface material 

ÅExamples: 

ïAlbedo/Thermal Response Modification (Yarkovsky effect) - likely centuries 
required for a 200 m NEA 

ïDirect Push (ñSpace Tugò) 

ïMass Driver 

ïGravity Tractor (GT) and Enhanced Gravity Tractor (EGT) 

ïIon Beam Deflection (IBD) 

ïSurface Ablation (laser and solar) 
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Planetary Defense Strategies 
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2010 National Research Council Committee 

ñDefending Planet Earth: Near-Earth Object Surveys and Hazard Mitigation 

Strategiesò 
 

ïFinding: No single approach to mitigation is appropriate and adequate for 

completely preventing the effects of the full range of potential impactors, 

although civil defense is an appropriate component of mitigation in all cases.  

With adequate warning, a suite of four types of mitigation is adequate to 

mitigate the threat from nearly all NEOs except the most energetic ones. 
 

 



Kinetic Impactor 

ÅVery-high-velocity (typically >5 km/s) collision 

with the NEA using the spacecraft or a 

deployed impactor. 

ÅRelatively simple technique within current 

capabilities with reasonable hardware and 

control development.  Likely the method of 

choice for <500 m impactors provided that 

sufficient warning time is available. 

ÅEffectiveness depends on the NEAôs structure 

(solid or rubble pile) which dictates the 

momentum exchange efficiency (b), which is a 

major uncertainty. 

ÅTerminal targeting becomes more difficult as 

relative velocity increases. 

ÅDemonstrated on a small scale by NASAôs Deep 

Impact Mission on Comet Tempel 1 in 2005 

(370 kg impactor at 10.2 km/s). 
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